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ABSTRACT 
 
Behavioural studies of the perceptual cues for female physical attractiveness have suggested 
two potentially important features; body fat distribution (the waist-to-hip ratio or WHR) 
and overall body fat (often estimated by the body mass index or BMI). However none of 
these studies tell us directly which regions of the stimulus images inform observers’ 
judgments. Therefore, we recorded the eye-movements of 3 groups of 10 male observers and 
3 groups of 10 female observers, when they rated a set of 46 photographs of female bodies. 
The first sets of observers rated the images for attractiveness, the second sets rated for body 
fat and the third sets for WHR. If either WHR and/or body fat are used to judge 
attractiveness, then observers rating attractiveness should look at those areas of the body 
which allow assessment of these features, and they should look in the same areas when they 
are directly asked to estimate WHR and body fat. So we are able to compare the fixation 
patterns for the explicit judgments with those for attractiveness judgments, and infer which 
features were used for attractiveness. Prior to group analysis of the eye-movement data, the 
locations of individual eye fixations were transformed into a common reference space to 
permit comparisons of fixation density at high resolution across all stimuli. This 
manipulation allowed us to use spatial statistical analysis techniques to show: 1) Observers’ 
fixations for attractiveness and body fat clustered in the central and upper abdomen and 
chest, but not the pelvic or hip areas, consistent with the finding that WHR had little 
influence over attractiveness judgments. 2) The pattern of fixations for attractiveness ratings 
was very similar to the fixation patterns for body fat judgments. 3) The fixations for WHR 
ratings were significantly different from those for attractiveness and body fat.  
 
INTRODUCTION 
 
A basic evolutionary problem is how to choose a partner. We need to be sensitive to the physical 
cues that honestly signal that one individual is more desirable (i.e. fitter and with a better 
reproductive potential) than another, and use them to choose the partner which is most likely to 
enhance our chances of successful reproduction (Buss, 1987). The wrong choice will have a 
negative impact on an individual's potential for reproduction, so there should be strong selective 
pressures to detect cues to health and fertility in potential partners. A number of behavioral studies 
have attempted to define the physical cues which are used to make attractiveness judgements (e.g. 
Singh, 1993; Henss, 1996, 2000; Tovée et al., 1998, 2002; Thornhill & Grammer, 1999; Puhl & 
Boland, 2001; Fan et al., 2004; Smith et al. 2007a; Streeter & McBurney, 2003; Swami et al., 
2006). Typically in such experiments, observers are asked to rate a set of images for attractiveness 
that vary on a number of anthropometric dimensions. Usually, the analysis of such data aims to 
attribute variance in attractiveness judgments to some combination of the anthropometric features.  
 
Perhaps the two features most frequently used to explain attractiveness judgments are overall 
body fat, indexed by the body mass index (BMI), the volume height index (VHI) or percent body 
fat composition (e.g. Tovée et al., 1998; Fan et al., 2004; Smith et al., 2007a) and the specific 
distribution of fat deposition on the lower body, indexed by the ratio of waist circumference to hip 
circumference – the Waist-to-Hip Ratio (WHR) (e.g. Singh 1993, Streeter & McBurney, 2007).  
Changes in BMI have a strong impact on health (Manson et al. 1995; Willet et 1995) and 
reproductive potential (Reid & Van Vugt 1987; Frisch 1988; Lake et al. 1997), and a low WHR 
(i.e. a curvaceous body) is believed to correspond to the optimal fat distribution for high fertility 
(Zaadstra et al. 1993). Additionally, based on a regression analysis of a large set of 
epidemiological data, Lassek & Gaulin (2008) found a small (2.7% of the variance), but 
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significant role for WHR as a predictor of cognitive skills in females. However, Lassek & Gaulin 
(2008) did not test the empirical relationship between WHR, intelligence, ratings of perceived 
intelligence and ratings of attractiveness, so the potential impact of this intriguing finding on 
studies of attractiveness remains to be assessed. 
 
In principle, a mate choice strategy based on either WHR and/or BMI could plausibly favour 
reproductive success. However, the experimental data to date do not provide a clear linkage 
between the physical features visible in stimulus images, anthropometric measures obtained from 
females in images and the perceptual judgments made about the images themselves. Additionally, 
there are many anthropometric dimensions which could potentially determine attractiveness 
judgments, and many of them are significantly correlated with each other. How can we 
differentiate between these potential cues to find those features which are actually being used to 
make the judgment? 
 
An obvious solution is to simultaneously record observers’ eye-movements while they make 
perceptual judgments. Although human eyes can attend to a visual field of around 200˚, detailed 
information can only be received from a central region of around 2˚, corresponding to the fovea 
(e.g. Levi et al., 1985; Thibos et al., 1987). As a result, the information in a picture can only be 
sampled in discrete “bite-sized” chunks corresponding to the observer’s current fixation position 
(e.g. Young, 1993; Miller & Bockisch, 1997). Thus by tracking an observer’s fixation position, it 
is possible to gain a direct measure of which regions of an image are being sampled at any one 
time, and therefore which regions are likely to be contributing information to the perceptual 
judgments. 
 
Anatomical resolution 
A central problem with eye-movement recording experiments is how to compare the locations of 
fixations across successive stimuli of the same class – in this case human bodies in front view. 
The co-ordinate system for raw eye-movement recordings is stimulus-centred and is usually 
defined with respect to the projection system used for viewing the images. However, the co-
ordinate system that we want to know about is body-centred. Bodies vary in height, size and 
shape. So, as far as stimulus-centred co-ordinates are concerned, the positions of the right 
shoulder and any fixations in this region, for example, will not be aligned across successive 
stimulus images. What is required is some kind of transformation of the eye fixations into a body-
centred co-ordinate frame. A common solution is to pool fixations across (large) areas of interest 
or AOIs, each of which represents a topologically defined sub-region of the body (e.g. Isaacowitz 
et al., 2008; Dalton et al., 2005; Guo et al., 2003; van der Geest 2002; Adolphs et al., 2005). 
However, this approach frequently leads to a considerable loss of spatial resolution and subtle 
differences in the patterns of eye-movements between conditions may no longer be apparent. 
Moreover, from a statistical point of view, the same topologically defined AOI in different images 
may not have the same surface area, thereby introducing a sampling bias. 
 
Here we report a novel method for solving this sampling problem, and its application to the study 
of human physical attractiveness. First, we morphed all the images in our stimulus set together to 
produce an average, or reference body image. This was possible because each of the individuals 
who consented to be photographed for the study stood in a standardized pose at a fixed distance 
from the camera. The morphing procedure generated a set of co-ordinate transforms which 
mapped individual pixels in each of the original images in our stimulus set onto the pixels in the 
reference image, and these co-ordinates are body-centred. By applying the same set of transforms 
to the horizontal (x) and vertical (y) co-ordinates of our eye-movement records, we were able to 
transform the eye-movements for each observer into this body-centred spatial framework and co-
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register the fixation patterns with the reference body image. This allowed us to define grids of 
equally sized, small AOIs to directly compare the pattern of eye-movements across individual 
observers and stimulus images, thereby preserving a high degree of anatomical resolution, and 
eliminating sampling bias. The technique is conceptually equivalent to that used in neuroimaging 
where 3D patterns of activation in individual brains are warped into a common reference space in 
order to facilitate statistical comparisons of brain activations across observers. 
 
In summary, we used our new analysis techniques to determine the eye-movements made when 
male and female observers rated a set of female images for attractiveness, body fat and WHR, and 
we used the improved spatial resolution of this technique to look for potential differences in the 
pattern of fixations in the different conditions and between the gender of the observers.  It is our 
hypothesis that if either WHR and/or body fat are used as cues for attractiveness, then observers 
making attractiveness judgments should include in their fixations, those areas of the body which 
allow visual assessment of these features. Conversely, if the requirement to extract information 
about these features is made explicit by directly asking observers to estimate WHR and body fat, 
we assume that they should look in those same areas. Therefore, we should be able to compare the 
fixation patterns for these explicit judgments with those for the attractiveness judgments, and infer 
which features were used to judge attractiveness. By this logic, if the fixation patterns for 
attractiveness and explicit WHR and/or body fat estimation are very similar, then we can argue 
WHR and/or body fat do contribute to the assessment of attractiveness. However, if the gaze 
patterns for attractiveness and WHR and/or body fat estimation are very different, then it is much 
harder to see a clear role for these features in attractiveness judgments.  
 
Experiment 1: Judgements of Attractiveness, Body Fat and WHR 
METHODS 
 
Participants and Procedures 
Forty-six Caucasian female volunteers, primarily university undergraduates, (mean age 21.0 years, 
s.d. 2.4 years) consented to be photographed to provide stimuli for the study. Clothing was 
standardized, with all women wearing an unsupportive flesh coloured vest and briefs (as in Smith 
et al., 2007a). Under constant studio lighting, and against a fixed neutral grey backdrop, digital 
photos were taken of our volunteers as they adopted a standard pose in front view, with feet 
slightly apart and arms by their sides. The volunteers’ faces were then blurred in the digital 
pictures to ensure anonymity. The volunteers varied in BMI from 18.4 to 26.7 kg/m2, with an 
average of 22.3 kg/m2 (s.d. 2.3 kg/m2) and in WHR from 0.64 to 0.84, with an average of 0.74 
(s.d. 0.04).  
 
The size of the body images on screen varied with the size of the woman depicted, since they were 
photographed at a uniform distance.  They ranged from about 125-150 pixels across the hips, and 
640-700 from head to toe.  At the screen resolution and viewing distance used, this equates to 
about 4 to 4.5 degrees of visual field across the hips, and 18-20 degrees in height. 
 
Three groups of female observers and three groups of male observers (10 observers in each group) 
rated this image set on a scale of 1 to 9, while their eye-movements were being recorded. We used 
separate observer groups for each condition to minimize image familiarity for the observers (i.e. 
the observers should be making a judgment about a novel stimulus without a recognition 
component which might bias their eye-movements towards a different pattern). Observers were 
asked to rate images either for attractiveness, fatness or WHR. In order to ensure that the 
observers in the WHR condition were clear on what they were being asked to rate, the observers 
were told that WHR was defined as “the ratio of the width of the hips to the width of the waist, in 
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other words the curviness of the lower body”. Note that this is inversely related to the standard 
WHR, where a curvy lower body gives a low value: it was easier to explain to participants this 
way.  For the attractiveness condition, the average age of the male observers was 21.1 years (s.d. 
3.7) and the female observers was 19.3 years (s.d. 1.2).  For the body fat condition, the average 
age of the male observers 19.0 years (s.d. 1.5) and the female observers was 19.3 years (s.d. 1.1).  
For the WHR condition, the average age of the male observers 24.6 years (s.d. 12.2) and the 
female observers was 22.1 years (s.d. 4.2).   
 
The eye-tracker, a Tobii 1750, was first calibrated for the participant, which takes about 30 
seconds.  The tracker does not require head restraint and participants sat approximately 1m from 
the screen, which also contains the camera and infra-red lights.  After the initial calibration, there 
is nothing to remind participants that their gaze is being tracked.  Binocular eye gaze position was 
recorded every 20ms during the rating procedure. Each trial comprised the following sequence. A 
black fixation cross appeared, its position varying randomly in each presentation between the 
centre of the image and the four corners. Participants were required to fixate the cross: when they 
had done so continuously for a second, the system automatically presented the target image, for 
2000 ms. The requirement to fixate the cross prevented any anticipatory eye movements. 
Following image presentation, the observer rated the image on a scale of 1-9 using a keyboard. 
There was no time limit for rating the image. After making their rating, the fixation cross 
reappeared and when it had been fixated for a second, the next image displayed.  
 
Generating the reference image 
A standard reference image was created from an average of all 46 images using the morphing 
procedure developed by Hancock (2000). A topologically consistent set of triangles was defined 
on the body in each individual image from a set of 43 landmark points. For each image, all points 
were then aligned to a common reference space and the pixel values averaged across images to 
create the standard, or reference image. In addition, a displacement map was created for each 
image which provided a look-up table relating each pre-morphing pixel location to its post-
morphed pixel location in the reference image. The same look-up table was used to transform the 
pixel locations of the eye-fixations on the original stimulus images to new ‘morphed’ locations on 
the reference image, thereby transforming the eye-position data into a body-centred reference 
frame and permitting the eye-fixations to be co-registered with the reference image.  
 
RESULTS 
Behavioral responses 
First, to look for consistency across observers’ perceptual ratings, we calculated Winer’s intra-
class reliability for k means for attractiveness, body fat and WHR estimations. These were 0.82, 
0.94 and 0.82 respectively for the female observers and 0.75, 0.95 and 0.81 for the male 
observers. These levels of consistency are in line with previous research (e.g. Tovée & 
Cornelissen, 2001; Tovée et al 2002). The results show a strong correlation between the genders 
on the ratings of the three conditions (see table 1). This is consistent with previous studies which 
have also found very similar ratings of attractiveness by both genders (Tovée et al. 1999; Smith et 
al., 2007a). 
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Table 1 
A Pearson correlation matrix showing the relationship between ratings and anthropometric 
variables (Female ATT rating = the average attractiveness rating of the images by the female 
observers, Female FAT estimate = the average body fat estimate by the female observers, Female 
WHR estimate= the average WHR estimate by the female observers; Male ATT rating, FAT 
estimate and WHR estimate are the corresponding judgments by the male observers; BMI=body 
mass index of stimulus images; WHR = the waist-to-hip ratio of stimulus images; WBR = the 
waist-to-bust ratio of stimulus images). 
  
Female 
ATT 
rating 
 
Female 
FAT 
estimate 
 
Female 
WHR 
estimate 
 
Male 
ATT 
rating 
 
Male 
FAT 
estimate 
 
Male 
WHR 
estimate 
 
Image 
BMI 
 
Image 
WHR 
 
 
Female ATT rating 
 
- 
        
Female FAT estimate -0.58** -        
Female WHR estimate 0.07 0.33* -       
Male ATT rating 0.84** -0.72** -0.4 -       
Male FAT estimate -0.58** 0.97** 0.21 -0.74** -        
Male WHR estimate -0.22 0.69** 0.82** -0.35* -0.61** -      
Image BMI -0.59** 0.86** 0.18 -0.69** 0.88** -0.51* -    
Image WHR -0.39** 0.15 -0.47** -0.31* 0.22 0.19 0.08 -  
Image WBR -0.36** 0.32* -0.14 -0.35* 0.33* 0.10 0.22 0.41**  
** = p<0.001   * = p<0.05 
 
 
The relationship between the perceptual judgments in the three experimental conditions and the 
different anthropometric variables is illustrated in Table 1. Consistent with Smith et al. (2007a), 
who used the same stimulus set, we found a strong inverse correlation between attractiveness and 
BMI as well as moderate inverse correlations between attractiveness, WHR and waist-to-bust ratio 
(WBR). Reassuringly, given the strong inverse association between attractiveness and BMI in 
previous studies (e.g. Tovée et al., 1998, 2002), we also found a strong inverse correlation 
between estimated body fat and attractiveness judgments. The body fat estimates were highly 
correlated with BMI, but although we found a significant correlation between estimated-WHR and 
stimulus WHR for female observers, this did not reach statistical significance for male observers 
although there was a trend. This may be because it is hard to estimate the actual or circumferential 
WHR of a 3D figure from a 2D image, as much of the fat deposition is on the buttocks which are 
not visible. Therefore we also calculated front-view WHR (fWHR) for each of the 2D stimulus 
images (i.e. the ratio as measured across the front of the body). The front-view waist width was 
measured as the narrowest horizontal distance across the abdomen, and the front-view hip width 
was measured as the widest horizontal distance between waist and mid thigh. The relationship 
between fWHR and the observers’ estimation of WHR was significant for both the female 
(r=-0.61, p<0.0001, negative because our curviness measure is inverse WHR) and male observers 
(r=-0.35, p<0.05), suggesting that observers succeeded at making this judgment. 
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Behavioural 
Judgement 
 
Beta 
coefficient 
for BMI 
Beta 
coefficient 
for WHR 
Beta 
coefficient 
for 
intercept 
T-value 
for  
BMI 
T-value 
for  
WHR 
T-value 
for 
intercept 
Unique % 
variance for 
BMI 
Unique % 
variance 
for WHR 
 
Total  % 
variance 
for 
full model 
 
Male ATT rating 
 -0.66 -0.25 -0.07 -6.42** -2.46* -0.7
 
44.4% 
 
6.5% 
 
53.5% 
Male FAT estimate 0.88        
         
        
        
       
     
   
0.14 -0.01 12.34** 1.96 -0.19 74.9% 1.9% 78.8%
Male WHR estimate 0.51 -0.23 0.003 4.18** -1.9 0.03 27.7% 5.8% 31.9%
Female ATT rating -0.56 -034 -0.09 -5.1** -3.17** -0.76 32.0% 12.3% 47.2%
Female FAT estimate 0.86 0.08 0.0004 11.12**
 
 1.02 0.01 72.9% 0.6% 74.7%
Female WHR estimate 0.21 -0.49 0.02 1.63 -3.91** 0.13 4.4% 25.5% 28.5%
 
 
Table 2b
 
Behavioural 
Judgement 
 
Beta 
coefficient 
for BMI 
Beta 
coefficient 
for fWHR 
Beta 
coefficient 
for 
intercept 
T-value 
for  
BMI 
T-value 
for 
fWHR 
T-value 
for 
intercept 
Unique % 
variance for 
BMI 
Unique % 
variance 
for fWHR 
 
Total  % 
variance 
for 
full model 
 
Male WHR estimate 
 0.56     -0.45 0.02 4.39** -3.17** 0.15
 
34.0% 
 
19.0% 
 
45.1% 
Female WHR estimate 0.32         -0.68 0.1 2.45* -4.7** 0.83 10.7% 41.5% 44.6%
                                                                                          Table 2a 
 
** = p<0.001,   * = p<0.05 
 
Table 2a and b 
The regression models for the attractiveness, body fat and WHR estimation for the male and female observers. We have modelled the WHR 
estimations twice; once using actual WHR as an explanatory variable (Table 2a) and once using fWHR (Table 2b). The degrees of freedom for 
the T-values are 1, 42 throughout. See text for further details. 
 
To further quantify the relationships between the perceptual judgments of attractiveness, body fat 
and WHR and the anthropometric measures: BMI and WHR, we ran multiple regression analyses 
using PROC REG in SAS (SAS Institute, North Carolina, US) and fitted simultaneous models (i.e. 
the model fits are not dependent on the order of the explanatory variables) of the form:  y = 
β1.BMI + β2.WHR + intercept in Table 2a, and: y = β1.BMI + β2.fWHR + intercept in Table 2b. In 
both cases y = perceptual judgment. All variables were first converted to z-scores for two reasons. 
First, this is one of a number of convenient ways to centre the data for regression analysis 
(Altman, 1991). Secondly, it provides a simple way for the sizes of the regression coefficients to 
be easily compared and it sets the intercept (close) to zero. The outcomes for the multiple 
regression models are shown in Table 2a & b. On each row of Table 2a & b, we report the best fit 
regression model separately for each behavioural judgment (attractiveness, body fat and WHR) 
for each gender. Column 1 describes the particular behavioural judgment entered as the outcome 
variable in the model for that row. Columns 2-4 contain the regression coefficients for the best fit 
model for that row. Columns 5-7 contain the T-values for each estimate and the associated 
significance level for each term in the model. Column 10 reports the total variance explained by 
each full model in each row. Columns 8 and 9 report the unique variance explained by BMI and 
WHR (Table 2a) or BMI and fWHR (Table 2b) respectively for the model in that row. In each 
case, unique variance was calculated by comparing the r-square for the full model against the r-
square for a reduced model. For example, the unique variance in male attractiveness judgments 
explained by BMI is calculated as the difference in r-square for the full model containing both 
BMI and WHR as explanatory variables, compared with a reduced model containing only WHR 
as the explanatory variable.   
The regression analyses illustrate that for attractiveness and body fat judgments, the effect size for 
BMI (based on the estimates of unique variance accounted for) always outstrips WHR by at least a 
factor of 3. Where WHR does play a significant role in predicting attractiveness and body fat 
judgments, this effect is stronger for females than males, even though the original argument for 
the value of WHR as a cue to attractiveness is made with respect to males judging female fertility 
(Singh, 1993). 
 
Where do observers look when making their judgments? 
In order to examine the spatial distributions of fixations, and to compare fixation patterns across 
observer groups, we constructed a sampling grid of square cells, 20x20 pixels each, and applied it 
across the entire reference image (800x500 pixels). This cell size (20x20 pixels) represents a 
compromise between capturing as many fixations per cell as possible to optimize statistical power 
(which ideally requires large cells) versus retaining good anatomical resolution (which ideally 
requires small cells). We modeled differences in fixation counts (also known as fixation density) 
between conditions by applying generalized linear mixed models (GLMMs). To do this we used 
PROC GLIMMIX in SAS v9.1 (SAS Institute, North Carolina, USA).  
 
For spatially sampled data, we cannot assume that the fixation counts in each cell are statistically 
independent of each other. Specifically, we must assume that total fixation counts will co-vary 
across sampling cells, and that the magnitude of this spatial covariation is inversely proportional 
to the cells’ proximity to each other. Therefore, in the statistical models we not only took account 
of the between groups factor (i.e. attractiveness versus fat estimation versus WHR estimation) as 
well as the repeated measures factors – i.e. each subject contributed a number of fixations to the 
sampling grid (defined by row and column indices in the model) for each of the 46 images, but we 
also controlled for spatial co-variance by incorporating the spatial variability into the statistical 
models. We assumed the fixation counts to follow the Poisson distribution and consequently a 
log-link was used as a link function in the models for the outcome. The spatial variability was 
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integrated into the models by specifying a Gaussian spatial correlation model for the model 
residuals.The GLIMMIX procedure was then used to assess any significant differences between 
the conditions or genders. Areas of significant difference between conditions or genders are 
indicated by the black contours (p<0.05) in figures 1 and 2, and are based on the estimated 
marginal means derived from the model parameters. These predicted population margins are 
compared using tests for simple effects by partitioning the interaction effects. 
 
 
 
Figure 1  The left and central columns of bodies show contour plots of the fixation distributions 
for the attractiveness (ATT), body fat (FAT) and WHR estimation conditions for both genders 
overlaid onto the image of the reference body. In order to facilitate inspection of the data across 
all conditions, fixation density in the left and central columns has been converted to a percentage 
score, indicated by colour bars (0-100), with red indicating the highest density. The right column 
of bodies shows the differences in the fixation density (i.e. differences in raw scores) between the 
genders for the three conditions. Positive differences are shown as red/yellow colours; negative 
differences are shown as blue/cyan colours. The black contours demarcate regions within which 
these differences are statistically significant as determined by the GLMMs. 
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 To illustrate the spatial distribution of fixation counts on the body (i.e. to identify where observers 
were looking), the fixation distributions for each observer gender and condition were converted to 
percentage scores and represented as contour plots overlaid on the reference body in the left and 
central columns of bodies in fig. 1. The far right column of fig. 1 shows contour plots of the 
differences in fixation density (raw scores) between the two genders for each condition. Both 
genders show a broadly similar pattern of fixations for a given condition. The attractiveness 
fixations spread from the stomach up towards the breast and upper chest. However, males tend to 
look more at the chest than female observers, who tend to look more at the stomach. The same 
fixation pattern is seen in judgments of body fat, which is consistent with the close correlation of 
attractiveness ratings and estimates of body fat. However, the pattern of fixations for estimated 
WHR is markedly different when compared to the other two conditions. Instead of looking along 
the torso, the observers look across the torso. The female observers show two peaks of fixation 
density on either side of the torso on the edge of the waist and upper hips, consistent with 
sampling the visual information necessary to make this judgment. Although the male observers 
show the same pattern of fixations across the body, they show less lateral displacement across the 
torso and their fixations remain within the torso outline in contrast to the high density of female 
fixations on its edge. This gender difference in fixations seems to be reflected in the accuracy of 
their estimations; males have a much weaker correlation between their estimated WHR and front-
WHR or actual WHR, than those seen for the female observers.  
Figure 2 illustrates the differences in fixation patterns (raw scores) between the three experimental 
conditions. Areas of significant difference between the conditions are again indicated by the black 
contour lines. For both male and female observers, the differences in fixation density are very 
similar. Both male and female observers look more at the chest in the attractiveness condition and 
more at the stomach in the body fat condition. The most striking difference between the 
conditions, are between WHR and the other two conditions. For both genders, there is a 
consistent, clear pattern of differences. When estimating WHR, the observers look significantly 
less along the centre of the torso and significantly more on the edge of the waist and upper hips on 
each side of the body: logically, the pattern of information required to make the different 
judgments. Judgments of attractiveness and body fat samples information distributed along the 
central torso (including the stomach), whereas estimates of WHR requires eye-movements across 
the body to determine the width of the torso and the curvature of the waist-hip region.   
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Figure 2  The top row of bodies show the differences in fixation density (i.e. raw scores) between 
the different conditions for female observers and the bottom row show the differences for the male 
observers; attractiveness minus WHR fixations (ATT-WHR), attractiveness minus body fat 
fixations (ATT-FAT) and body fat - WHR (FAT-WHR). Positive differences are shown as 
red/yellow colours; negative differences are shown as blue/cyan colours. The black contours 
demarcate regions within which these differences are statistically significant as determined by the 
GLMMs. 
 
Experiment 2: Estimating WHR and Body Fat when Centrally Fixating the 
Torso 
 
The results of experiment 1 suggest that during attractiveness judgements, observers do not look 
in those regions at the edge of the torso which are used to judge WHR explicitly. However, it is 
possible that the low resolution image information provided by the periphery of the retina is 
nevertheless sufficient to mediate the discrimination of body shape, and that observers do not need 
to fixate these edge regions directly. To test this hypothesis, we carried out a further experiment 
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using brief, masked stimulus presentations to observers who were fixating centrally on the torso, 
confirmed by eye-movement recording.   
 
METHODS 
Two groups of 10 observers (each with 5 male and 5 female observers) consented to take part in 
experiment 2. One set estimated the WHR of the images and the second estimated overall body 
fat. We did not use separate male and female gender groups as in the previous experiment, where 
we were looking for differences in fixations patterns between the genders. In this experiment, 
fixation position was controlled (see below), and so there was no difference. How to judge WHR 
was explained to the observers as in experiment 1. The average age of the observers in the WHR 
group was 25.2 years (s.d. 7.3) and in the body fat group was 25.2 (s.d. 10.6).  
 
The stimulus set was the same as in experiment 1. Each trial comprised the following sequence.  
A black fixation cross appeared, its position corresponded to the centre of the torso at the level of 
the waist.  The observers were asked to fixate the cross, and to not move their eyes during the 
subsequent presentation of the stimulus image.  When they had fixated the cross continuously for 
a second, the system automatically presented the target image, for 100 ms, immediately followed 
by a 100 ms-long, pixilated mask.  This was derived from one of the body stimuli to give the same 
average tones and luminance as the stimulus image, but was larger than any of them. The 
presentations were brief and masked to minimise the possibility of saccades during the 
presentation and to mimic the pattern of visual activation produced by an individual fixation (Burr 
et al. 1994; Burr, 2005). We used the eye-tracker to monitor eye-movements and prevent any 
anticipatory eye-movements. Following mask presentation, the observer rated the image on a scale 
of 1-9 using a keyboard. There was no time limit for rating the image. After making their rating, 
the fixation cross reappeared and when it had been fixated for a second, the next image was 
displayed. 
 
RESULTS 
 
Cronbach alpha for the WHR estimates is 0.75 and for body fat is 0.94. The estimates of WHR 
were not significantly correlated with the actual WHR of women in the images (r=0.05, p=0.72) 
or their fWHR (r=0.02, p=0.93). We applied the same regression model as detailed in Experiment 
1 to these data (see Table 3). For the WHR estimates, neither actual WHR or fWHR are 
significant predictors. Instead, the observers seem to be defaulting to a judgement of overall body 
fat. This suggests that it is not possible to accurately estimate the curvature of the lower torso 
without directly fixating the edge of the torso which corresponds to this shape change.  The 
estimates of body fat were significantly correlated with BMI (r=0.87, p<0.0001), and the 
regression analysis indicates that BMI is the primary predictor of this judgement. This suggests 
that the inability to estimate WHR is not based on the brief presentation time, but on the position 
fixated.  
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Behavioural 
Judgement 
(100 msec) 
 
Beta 
coefficient 
for BMI 
Beta 
coefficient 
for WHR/ 
fWHR 
Beta 
coefficient 
for 
intercept 
T-value 
for  
BMI 
T-value 
for  
WHR 
T-value 
for 
intercept 
Unique % 
variance for 
BMI 
Unique % 
variance 
for WHR/  
fWHR 
Total  % 
variance 
for 
full model 
 
WHR estimate 
(actual WHR) 0.74 0.004 0.05 7.21** 0.04 0.49
 
54.9% 
 
0.1% 
 
54.9% 
 
WHR estimate 
(f WHR) 0.78      
     
        
-0.12 0.08 6.41** -0.89 0.59
 
54.7% 
 
2.2% 
 
57.0% 
 
FAT estimate 
 0.85 0.09 0.05 11.45** 1.20 0.62
 
75.0% 
 
2.2% 
 
75.8% 
  
 
The regression models for the WHR and body fat estimations for the 100msec condition.  We have modelled the WHR estimations twice; once 
using actual WHR as an explanatory variable and once using fWHR. The degrees of freedom for the T-values are 1, 42 throughout. 
** = p<0.001,   * = p<0.05 
 Table 3 
 
 
 
 
 
DISCUSSION 
 
We combined behavioural judgements with a novel analysis of eye-movements that allowed us to 
make fine spatial discriminations in the pattern of fixations between experimental conditions. For 
attractiveness judgments, observers demonstrated a typical fixation distribution prior to their 
rating decision; they looked in a vertical band stretching from the waist towards the upper part of 
the torso. Therefore, we assume that it is these regions in the images which informed the 
observers’ decisions. We then used this fixation map as a standard for comparison against the 
fixation patterns for the two explicit estimations. The fixations when judging body fat are the 
primarily distributed on the stomach. The physical dimensions of the stomach are a good index of 
the overall body mass (e.g. Wells et al., 2007, 2008; Cornelissen et al., 2009b), and a recent study 
proposed stomach depth as an index of overall body mass (Rilling et al., 2009). Thus, fixating the 
central torso would allow the degree of stomach protrusion to be estimated and is an effective way 
of sampling an information rich area. The fixation patterns are very similar when judging 
attractiveness and explicitly estimating body fat, which would be consistent with the eye-
movements necessary for judging body fat being part of the eye-movement pattern used to judge 
attractiveness. This is consistent with the behavioural data, which suggest the attractiveness 
ratings were predicted primarily by overall body fat (indexed by BMI), in line with previous 
studies using images of real women (e.g. Tovée et al., 1998, 1999, 2002; Fan et al., 2004; Smith et 
al., 2007a). The attractiveness and body fat fixation distributions are not completely identical, and 
the body fat fixations form a subset of the fixations made during attractiveness judgements. The 
more extensive distribution of fixations for attractiveness presumably reflects the fact that overall 
body fat is only one of a number of features which determine attractiveness judgments.  
 
The similarities in fixation distribution between the attractiveness and body fat conditions are in 
contrast to the distribution for the explicit estimation of WHR, which shows a clearly different 
pattern of fixations. The WHR fixations spread across the torso onto the waist and hips at the level 
of the waist, and do not move up over the chest. If WHR was an important visual feature that was 
sampled when making attractiveness judgments, one might expect the horizontal spread of 
fixations seen in the WHR condition, to be incorporated into the pattern of fixations made when 
attractiveness is assessed. This comparison of fixation distributions suggests that this is not the 
case. To discount the possibility that a direct fixation is not required, and that the retinal periphery 
is capable of supporting fine judgements of WHR, in a second set of experiments we constrained 
observers to fixate the central torso at the level of the waist while judging WHR. Our results in the 
second set of experiments suggest that the fixations across the body onto the edge of the torso at 
the level of the waist and hips are necessary to estimate WHR. Centrally fixating on the torso (as 
the observers do when judging attractiveness) does not allow the observers to sample the 
information necessary to judge WHR.  
  
These findings are consistent with behavioural studies which suggest that, particularly for male 
observers, the role of WHR in attractiveness judgments is significantly less than that for body fat. 
These studies have employed stimulus images of unmodified bodies and take advantage of the 
natural variation in BMI and WHR. They show that the variance in attractiveness is primarily 
accounted for by overall body fat (e.g. Tovée et al., 1998, 2002; Puhl & Boland, 2001; Fan et al., 
2004; Smith et al. 2007a; Swami et al., 2006, 2008). Those studies which have suggested a key 
role for WHR have used line-drawings or digitally altered photographs (e.g. Singh, 1993; Henss, 
2000). In these studies the method of WHR manipulation also altered the apparent body mass as 
demonstrated by Tassinary & Hanson (1999) and Tovée & Cornelissen (1999), therefore the 
relative contributions of these two features to attractiveness cannot be distinguished.  To attempt 
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to get around the problem of co-variation between apparent BMI and WHR in manipulated 
stimulus images, Streeter & McBurney (2003) asked their observers to estimate the body weight 
of a set of digitally altered photographs as well as rate their attractiveness, so they could factor out 
perceived body weight in their analyses. In the Streeter & McBurney study, the authors digitally 
modified a photograph to give a set of images whose WHRs ranged from 0.50 to 1.20. However, 
when manipulating WHR in this way, it is important to ensure that features across the entire body 
change in an anthropometrically valid way. If this constraint is not met there is a risk that the 
resulting image may not be realistic. Having asked observers to rate the Streeter & McBurney 
images for realism, Bateson et al (2007) showed that attractiveness ratings of the images could be 
explained by their apparent realism just as well as they could by their WHR. Therefore, while we 
concede the general principle that a feature which accounts for only a small proportion of the 
variance in attractiveness judgements may nevertheless provide an important biological signal for 
this attribute, most of the studies which explore this possibility for WHR appear to co-vary WHR 
with other anthropometric features. Additionally, it must be borne in mind that epidemiological 
studies of large populations have consistently reported a link between BMI and WHR (e.g. Health 
Survey for England, 2003). Cornelissen et al. (2009) have shown how an additive model of 
subcutaneous fat deposition, whereby fat is added to the waist and hips at a constant rate, captures 
this correlation between BMI and WHR because with increasing fat, the difference between the 
waist and hips becomes smaller relative to total width. Using their additive model for Caucasian 
women in the UK, Cornelissen et al. (2009) show that the explanatory power of WHR may lie 
primarily in what it reveals about overall body fat.  
 
There are certain similarities in how we process visual information from faces and bodies. For 
example, our perception of both shows view-inversion effects, selective adaptation and categorical 
discrimination (e.g. Reed et al., 2003; Winkler & Rhodes, 2005; Tovée, Edmonds & Vong, 2009), 
and a parallel might be drawn between the eye-movements exhibited in judging bodies and with 
those seen in face recognition. In judging faces, the key features in a particular perceptual 
judgement are fixated first and for longest in a predictable scan path (e.g. Henderson et al., 2000; 
Walker-Smith, Gale, & Findlay, 1977). Observers with deficits in face processing show abnormal 
patterns of eye-movements which appear to form the basis of their perceptual dysfunction (e.g. 
Adolphs et al., 2005; Caldara et al., 2005; Pelphrey et al., 2002). In a similar way, observers with 
deficits in judging bodies also show disturbed fixation patterns. For example, women suffering 
from Anorexic Nervosa, for whom a distorted body image is part of their diagnostic criteria (APA, 
2004),  show significant differences in their attractiveness ratings of other women’s bodies (Tovée 
et al., 2000, 2003), and also show a significantly different pattern of eye-movements during this 
judgement (George et al., 2009).   
 
Consistent with previous reports, our behavioural results suggest a strong similarity between male 
and female observers in their attractiveness and body fat ratings, but we found some subtle 
differences in their fixation distributions (e.g. Tovée & Cornelissen, 1999; Tovée et al., 2002; 
Smith et al., 2007a, b). When rating attractiveness, male observers tend to look further up the 
body, incorporating more fixations on the bust. A result consistent with the suggestion that the 
bust-waist ratio may provide a useful cue to reproductive potential, and thus influence 
attractiveness judgements (Jasienska et al., 2004).  Nevertheless, both genders converge on the 
same behavioural decision for attractiveness. This is predicted by mate selection theory which 
postulates that an individual will be able to judge not only the attractiveness of members of the 
opposite sex, but also that they will know their own attractiveness relative to other members of the 
same sex (e.g. Buss, 1987). This information allows a subject to concentrate on potential partners 
of the same attractiveness as themselves, thus avoiding both unsuccessful courtship of a more 
attractive partner (potentially wasteful in time and resources), and accepting a less attractive 
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partner (with a potentially negative impact on future reproductive success). The biggest difference 
in fixation patterns between the genders was for the estimation of WHR. The female observers 
showed a significantly higher fixation density on the edge of torso corresponding to the waist and 
hips than the males, although both genders significantly fixate the edge of the torso at this point 
more in the WHR estimation condition than in the attractiveness and body fat judgements. This 
gender difference in fixations for the WHR condition seems to be reflected in the higher accuracy 
of WHR estimation by the female observers, a finding consistent with the results of experiment 2, 
which suggest that fixations of this region are necessary to support WHR estimation. 
 
Overall body mass and lower-body fat distribution are just two of the potential cues used to judge 
attractiveness. Other factors include the torso-leg ratio (TLR), the waist-bust ratio (WBR) and 
bilateral symmetry (e.g. Sorokowski & Pawlowski, 2008; Jasienska et al., 2004; Brown et al., 
2008), and many of them are significantly correlated with each other but spatially separated on the 
body. The use of this eye-movement analysis potentially allows disambiguation of which cues are 
used to make judgements about the female body, including attractiveness, health and fertility. It 
can also be extended to male body judgements, where the relative importance of two potential 
cues, overall body mass and upper body shape, has been the subject of some debate (e.g. Maisey 
et al., 1999; Fan et al., 2005; Sell et al., 2008).  The technique can also be used in judgements of 
facially conveyed information, making it possible to make fine distinctions over the features used 
in social cognition.  
 
In conclusion, our new eye-movement analysis technique has allowed us to determine with great 
precision where observers look when they rate images of women’s bodies. The results suggest that 
the body fat fixations are very similar to the attractiveness fixations, consistent with body fat 
being one of the features which are used to judge attractiveness. In contrast, the WHR fixation 
distribution shows a unique pattern which differs from the attractiveness fixations and whose 
distribution covers different body features. This suggests that an assessment of WHR may not be 
directly made during attractiveness judgments. These fixation distributions are consistent with the 
behavioural responses made during the attractiveness judgments, which suggest that BMI is a 
stronger predictor of attractiveness ratings. 
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